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Description 
[RAID STORAGE DEVICE] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication serial no. 92135338, filed December 15, 2003. 
Background of Invention 

[0002] Field of the Invention 

[0003] The present invention relates to a data storage device, and 
more particularly, to a redundant array of independent 
disks (RAID) storage device. 

[0004] Description of the Related Art 

[0005] | n a storage system comprising multiple disk arrays, the 
redundant array of independent disks (abbreviated as 
RAID hereinafter) is a technique which integrates several 
small size physical disks to form an extendable logical 
drive. When storing a data, the data is split into several 
data blocks and each data block is stored in a separate 
physical disk. Since the access operation is performed si- 



multaneously, better data access efficiency is provided by 
the RAID technique. In addition, in order to prevent the 
data loss due to some physical disk damage, the RAID 
technique also applies the parity check concept for re- 
building data when it is necessary. 

[0006] | n general, the RAID system is classified as several levels 
based on the RAID type of the physical disk and the way it 
stores data, and the commonly seen RAID system on the 
current market comprises following types. 

[0007] RAID 0, in which a data is split into several blocks, and 

each block is written into a separate physical disk (it is the 
so-called "Data stripping"). Thus the RAID 0 provides bet- 
ter access efficiency. However, since the RAID 0 does not 
support fault tolerance and data rebuild, if one of the 
physical disks fails, the data is lost. Therefore, it is only 
suitable for the circumstance where the data which is not 
so important needs to be accessed in a high speed. 

[0008] RAID 1, in which two physical disks are treated as a logical 
drive, and the data is stored into two physical disks si- 
multaneously. When one of the physical disks is damaged, 
the same data can be accessed from the other physical 
disk so as to prevent the important data from being lost. 

[0009] raid 3, in which a physical disk is reserved as a parity 



disk for storing parity data, and other data is evenly 
stored in other physical disks. When some physical disk is 
damaged, the disk controller can recover the data by us- 
ing the parity data stored previously. 
[0010] RAID 5, is different from RAID 3 in that the parity data is 
distributed and saved in each physical disk without having 
to allocate a dedicated parity disk. Thus, the RAID 5 is 
also known as a "Rotating Parity Array". Wherein, the data 
is evenly stored in each physical disk like in RAID 3. When 
one of the physical disks is damaged, the disk controller 
can recover the data by using the parity data stored previ- 
ously. 

[0011] The RAID 0 mentioned above is advantageous in support- 
ing fast access, and the RAID 1, RAID 3, and RAID 5 are 
advantageous in supporting fault tolerance and data re- 
build. If we combine the RAID storing type as RAID 0 + 
RAID 1 (represented as RAID 10), both advantages will be 
achieved. Of course, other combination such as RAID 0 + 
RAID 3 (represented as RAID 30) or RAID 0 + RAID 5 
(represented as RAID 50) are also valid. 

[00 12 ] In addition, although the RAID 1, RAID 3, and RAID 5 sup- 
port the fault tolerance and data rebuild. However, these 
functions are supported when only one physical disk is 



damaged. If more than one physical disk are damaged, 
the data cannot be rebuilt. Therefore, in another type of 
the RAID combination in conventional art, a distributed 
parity data is generated in the storage blocks of the same 
column of stripes in each physical disk in order to rebuild 
data when more than one physical disk are damaged. 

[0013] FIG. 1 is a structure diagram of a conventional RAID 3 
combination style disk array. The RAID disk array 100 
comprises M storage devices 110, and each storage de- 
vices 110 comprises N storage blocks 112. Wherein, the 
storage blocks of the samej-column comprise a plurality 
of physical data blocks and at least a parity data block. 
The parity data block is obtained from the calculation 
based on the physical data blocks. For example, the parity 
data block of the first column 112p is obtained from the 
calculation based on the physical data blocks 112a, 112b, 
112c, 212d, and the rest can be deduced by analogy. 
Herein, it is defined that D^ is a quantity of the physical 
data blocks in the same J-column stripe, and is a quan- 
tity of the parity data blocks in the same J-column stripe. 
Wherein, D^ + = M. Moreover, N, M,J are positive inte- 
gers, and J is an integer of 1 ~ N. 

[0014] | n addition, FIG. 2 is a structure diagram of a conventional 



RAID 50 combination style multi-disk array. The RAID disk 
array 200 comprises M number of first storage devices 
210 and M number of second storage devices 220. 
Wherein, the physical data blocks 212a, 212b, 214a, 214b 
are disposed with the RAID 0 combination style first, and 
the data blocks 212a, 212b, 214a, 214b are then saved in 
the stripes of the first storage device 210 and the second 
storage device 220, respectively. Herein, the parity data 
block 212p is obtained from the calculation based on the 
physical data blocks 212a, 212b, the parity data block 
214p is obtained from the calculation based on the physi- 
cal data blocks 214a, 214b, and the rest can be deduced 
by analogy. 

[0015] | n the conventional art, it is required to increase the 

quantity of the first storage device 210 and the second 
storage device 220 in order to increase the storage capac- 
ity. However, each time when a first storage device 210 is 
added, a corresponding second storage device 220 has to 
be added accordingly. Therefore, the expansion of the 
system capacity is limited. In addition, since it has to fol- 
low the existing RAID 5 combination arrangement archi- 
tecture for expanding the capacity, the system access ef- 
ficiency cannot be effectively improved. 



Summary of Invention 

[0016] Therefore, it is an object of the present invention to pro- 
vide a redundant array of independent disks (RAID) stor- 
age device, which supports a new data storing method 
rather than the existing RAID combination style for im- 
proving the system access efficiency, and the RAID stor- 
age device is also advantageous in supporting fault toler- 
ance and data rebuild. 

[0017] | t j S another object of the present invention to provide a 

RAID expansion method. With this method, the quantity of 
the storage devices is not limited by the existing RAID 
combination architecture. 

[0018] | n accordance with the above objects, a RAID storage de- 
vice is provided by the present invention. It is assumed 
that the RAID is composed of L number of virtual disks, 
and the virtual disks comprise a plurality of stripes. 
Wherein, the quantity of the blocks in each stripe is equal 
to the quantity of the virtual disks. An index, which is re- 
ferred as a "block index", is assigned to each block. The 
RAID storage device at least comprises M number of stor- 
age devices comprising a plurality of blocks. Wherein, M, L 
are positive integers, M > L, and M is not integral of L. 
When the blocks of the virtual disks are distributed in the 



storage devices, another index, which is referred as a "po- 
sition index", is assigned to the block in each storage de- 
vice, and the position index is a mapping function of the 
block index. 

[0019] | n accordance with the above objects, a RAID storage de- 
vice is provided by the present invention. The RAID stor- 
age device comprises M number of storage devices, and 
each storage device comprises N number of storage 
blocks. The storage blocks in the samej-column in the 
storage devices comprises a plurality of complete stripe 
blocks, and each complete strip block comprises L num- 
ber of storage blocks, wherein, N, M, L are positive inte- 
gers, L < M, and M is not integral of Lat least a plurality of 
partially complete stripe blocks. 

[0020] | n accordance with a preferred embodiment of the present 
invention, each stripe mentioned above, for example, 
comprises at least a first physical data block and at least a 
first parity data block, and the first parity data block is 
obtained from the calculation based on the first physical 
data block. In addition, the partially complete stripe 
blocks, for example, comprises at least a second physical 
data block or at least a second parity data block. 

[0021] a new RAID combination architecture is adopted by the 



RAID disk array of the present invention, with such new 
RAID combination architecture, the manner of storing data 
is not limited by the existing RAID combination architec- 
ture, and its advantages of supporting fault tolerance and 
data rebuild are achieved. In addition, the expansion of 
the storage capacity of the storage devices is not limited 
by the existing RAID combination architecture. Accord- 
ingly, the present invention provides a new RAID combi- 
nation architecture. 
Brief Description of Drawings 

[0022] The accompanying drawings are included to provide a 

further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention, and to- 
gether with the description, serve to explain the principles 
of the invention. 

[0023] FIG. 1 is a schematic block diagram of a conventional 
RAID 3 combination disk array architecture. 

[0024] FIG. 2 is a schematic block diagram of a conventional 
RAID 50 combination multi-disk array architecture. 

[0025] FIG. 3 is a schematic block diagram illustrating a RAID 
storage device according to a preferred embodiment of 
the present invention. 



[0026] FIG. 3A is a schematic block diagram illustrating a RAID 
storage device according to a preferred embodiment of 
the present invention. 

[0027] FIG. 4 is a schematic block diagram illustrating a RAID 
storage device according to a preferred embodiment of 
the present invention. 

[0028] FIG. 5 is a schematic block diagram illustrating a RAID 
storage device according to another preferred embodi- 
ment of the present invention. 

[0029] FIG. 6 is a schematic block diagram illustrating a RAID 
storage device according to another preferred embodi- 
ment of the present invention. 
Detailed Description 

[0030] FIG. 3 is a schematic block diagram illustrating a RAID 
storage device according to a preferred embodiment of 
the present invention. The RAID disk array 300, for exam- 
ple, comprises five (5) storage devices 310, and each 
storage device 310 comprises N number of storage blocks 
312. The storage blocks 312, for example, is composed of 
a plurality of physical data blocks 312a, 312b and a parity 
data block 312p. Wherein, the parity data block 312p is a 
block belonging to the same stripe and obtained from the 
calculation based on the physical data blocks 312a, 312b. 



In addition, the storage block 314, for example, is com- 
posed of a plurality of physical data blocks 314a, 314b 
and a parity data block 314p. Wherein, the parity data 
block 314p is a block belonging to the same stripe and 
obtained from the calculation based on the physical data 
blocks 314a, 314b. It is to be emphasized that in the 
present embodiment, the parity data block 314p is stored 
in the storage device 310 which is different from the stor- 
age device where the physical data blocks 314a, 314b are 
stored, so that when one storage devices 310 is damaged, 
the disk controller (not shown) can recover the physical 
data blocks 314a, 314b with the parity data block 314p 
stored previously. However, the difference between the 
present invention and the conventional art is that the par- 
ity data block 314p is disposed in the storage block which 
is not in the same column of the storage block where the 
physical data blocks 314a, 314b are stored, and other 
data blocks (5, 6, P3, 7, 8, P4, ...) are disposed on differ- 
ent storage blocks based on its arrangement sequence. 
Therefore, compared to the conventional RAID 3 or RAID 5 
combination style, the parity data blocks (PI, P2, Px) in 
the arrangement mentioned above is not limited to be 
disposed on the same storage device as in the RAID 3 



combination architecture, or limited to be disposed in dif- 
ferent storage devices based on its written sequence as in 
the RAID 5 combination architecture. Therefore, in the 
present embodiment, the combination architecture of the 
RAID disk array 300 is not limited by the arrangement of 
the conventional RAID 3 and RAID 5, and its advantages of 
supporting fault tolerance and data rebuild can be main- 
tained. 

[0031] Therefore, the RAID disk array of the RAID combination 
architecture mentioned above is described as follows. 

[0032] | t j S assumed that the storage device 310 comprises M 
number of storage devices, and the storage blocks of the 
same J-column comprise a plurality of complete stripe 
blocks and at least a partially complete of the stripe 
blocks, wherein a complete stripe block is considered to 
be fully composed of storage blocks and a partially com- 
plete stripe block is considered have smaller number of 
storage blocks compared to the complete stripe block. 
Wherein, each stripe block comprises L number of storage 
blocks, M, L are positive integers, L < M, and M is not 
multiple of L. 

[0033] FIG. 3 is exemplified herein for explanation, it is assumed 
that D is a quantity of the physical data blocks 3 12a, 



312b belonging to the same stripe in the storage blocks 
of the same J-column, and P^ is a quantity of the parity 
data block 312p belonging to the same stripe in the stor- 
age blocks of the same J-column, thus D + P^ < M, and M 
is not multiple of D + P . In addition, the partially com- 
plete stripe blocks, for example, are the physical data 
blocks 314a, 314b or the parity data blocks 314p. 
[0034] on the other hand, referring to FIG. 3A, a schematic block 
diagram illustrating a RAID storage device according to a 
preferred embodiment of the present invention is shown. 
It is assumed that the RAID disk array 302 comprises L 
number of virtual disks 320, and the virtual disks 320 
comprises a plurality of stripes 322. Wherein, the number 
of the blocks in each stripe 322 is equal to the number of 
the virtual disks 320. An index, which is referred as a 
"block index", is assigned to each block 324 (e.g. in an 
ascending order or a descending order). Then, the blocks 
324 in the virtual disk 320 are mapped to the M storage 
devices 330 (e.g. the physical disks). Wherein, M, L are 
positive integers, M > L, and M is not multiple of L. An- 
other index, which is referred as a "position index", is as- 
signed to the block 326 in each storage device 330 (e.g. 
in an ascending order or a descending order). Wherein, 



the position index is a mapping function of the block in- 

th 

dex. In other words, the Y block in the storage device 
330 is represented as the mapping function value of the X 1 
block in the virtual disk 320, i.e. Y = mapping function 
(X). Wherein, the mapping function is a one-to-one func- 
tion, for example, a simple identity function, i.e. Y = X, 
and the mapping function also can be other complex 
equations. It will be apparent to one of the ordinary skill 
in the art that modifications to the mapping function of 
the present invention for designing the RAID disk array 
with different arrangement may be made without depart- 
ing from the spirit of the invention. 
[0035] FIG. 4 is a schematic block diagram illustrating a RAID 
storage device according to a preferred embodiment of 
the present invention. With the arrangement of the 
present embodiment, the combination architecture of the 
conventional RAID 50 (or RAID 30) is slightly modified. For 
example, the physical data blocks 412a, 412b are dis- 
posed with the RAID 0 combination architecture first (in 
virtual disk), then the physical data blocks 412a, 412b are 
stored in a first storage device 410 and a second storage 
device 410, respectively, and a parity data block 412p is 
generated in a third storage device 410. In addition, the 



physical data block 414a and the parity data block 414p 

th th 

are stored in a 4 storage device and a 5 storage device, 
respectively. The parity data block 414p is obtained from 
the calculation based on the physical data blocks 414a, 
414b, and the rest can be deduced by analogy. 

[0036] it is to be emphasized that in the present embodiment, 

the data does not belong to the existing RAID 5 combina- 
tion architecture, instead it is a new combination architec- 
ture. It is advantageous because it is not necessary to add 
the same quantity of the storage devices 420 to each 
storage system as in the conventional RAID 5 (or RAID 3) 
combination architecture when expanding one or more 
storage devices 420. Therefore, the storing method of the 
present invention is not limited by the extent of the ex- 
pansion of the system capacity. 

[0037] The present invention is also advantageous in improving 
the data access efficiency of the system. FIG. 3 is exem- 
plified herein for explanation, when the system writes 
data into a physical data block 312a of the storage block 
312, the system reads a physical data block 312b and 
writes a parity data block 312p, that is, the system only 
has to perform the writing operation two times and the 
reading operation one time. However, with the same 



amount of the storage device, if the conventional RAID 5 
or RAID 3 combination architecture is used, for writing 
data into a physical data block 312a, the system has to 
read other three physical data blocks in the same column, 
and write a parity data block, that is, the system has to 
perform the writing operation two times and the reading 
operation three times. Accordingly, with the same amount 
of the storage device, the system with new combination 
architecture provides better access efficiency than the 
conventional RAID 5 or RAID 3. As calculated in the 
present embodiment, the improvement of the access effi- 
ciency is up to 66%. 
[0038] FIG. 5 is a schematic block diagram illustrating a RAID 
storage device according to another preferred embodi- 
ment of the present invention. The conventional RAID 1 
combination style storage device comprises an even num- 
ber of the storage devices, and the same data block is 
stored in a pair of the storage devices, respectively. How- 
ever, the RAID disk array 500 of the present embodiment 
comprises an odd number of the storage devices 510. The 
paired same data blocks 512a, 512b are stored in differ- 
ent storage device 510, respectively, the other paired 
same data blocks 514a, 514b are stored in different stor- 



age device 510, respectively, and the rest can be deduced 
by analogy. However, it is different from the conventional 
RAID 1 combination architecture in that the number of the 
storage device 510 is not limited by the paired same data 
blocks for being an even number, and its advantages of 
supporting the fault tolerance and data rebuild is main- 
tained. In addition, with the same reason, the system with 
such new combination architecture provides better access 
efficiency than the conventional RAID 1. As calculated in 
the present embodiment, the improvement of the access 
efficiency is up to 50%. 
[0039] FIG. 6 is a schematic block diagram illustrating a RAID 600 
storage device according to another preferred embodi- 
ment of the present invention. The physical data blocks 
612a, 612b, 612c and its distributed parity data blocks 
PI, P2, P3 in the storage block 612 are disposed in differ- 
ent storage device 610, respectively, such that it is as- 
sured that the data can be rebuilt when more than one 
storage device 610 is damaged. In addition, in the present 
embodiment, the number of the storage device 610 is not 
multiple of the quantity of the physical data blocks in the 
same stripe. Therefore, the physical data blocks 614a, 
614b, 614c and its distributed parity data blocks P4, P5, 



P6 in the same stripe can be disposed on the storage 
blocks of different columns, and the rest can be deduced 
by analogy. Similarly, the data can be rebuilt when more 
than one storage device 610 is damaged. 

[0040] | n summary, the RAID storage device provided by the 

present invention comprises a plurality of storage devices, 
wherein in the storage blocks of the same J-column, the 
total number of the quantity of the physical data blocks 
and the number of the parity data blocks in the same 
stripe (D + P ) is smaller than the number of the storage 
devices (M), and M is not multiple of D + P . Therefore, 
the data storing method is not limited by the existing 
RAID combination architecture, such that the access effi- 
ciency is improved, and its advantage of supporting fault 
tolerance and data rebuild is maintained. In addition, the 
expansion quantity of the storage device is not limited by 
the existing RAID combination style. 

[0041] Although the invention has been described with reference 
to a particular embodiment thereof, it will be apparent to 
one of the ordinary skill in the art that modifications to 
the described embodiment may be made without depart- 
ing from the spirit of the invention. Accordingly, the scope 
of the invention will be defined by the attached claims not 



by the above detailed description. 



